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1. Homework Description
In this homework, I have chosen to design and implement a sorting circuit.  The implementation is completed using VHDL.  The homework also includes simulation to verify the correctness of the circuit.

1.1 Sorting Algorithm

In this homework, I have implemented the selection-sorting algorithm.  As you may know, the selection sort is one of the simplest sorting techniques.  In a selection sort, the smallest value is initially selected from a complete list of data and exchange with the first element in the list. After this selection and exchange, the next smallest element in the revised list is selected and exchanged with the second element in the list. Since the smallest element is already in the first position in the list, this second pass needs only to consider the second through last elements. An example on the how the selection sort works is provided below:


2. Design Overview

This sorter is designed to sort six three-bit numbers using the selection-sorting algorithm.  It can sort the given numbers in ascending or descending order.  In the ascending order, the smallest number resides on the top of the list and the largest number is at the bottom of the list.  Similarly, in the descending order, the largest number is at the top of the list and the smallest number is at the bottom of the list. The sorting algorithm is shown below.


The sorter will take six three-bit numbers to be sorted.  The first part of the selection sorting design requires to locate the smallest or largest number in the given six three bit inputs and then swap with the starting number to achieve the sorting order.  When the smallest or largest number is found, it is necessary to know exactly the index of the number in the list to swap with.  The core design will involve around two components, one component, ‘find_small_big’, to find the smallest or largest number and another component, ‘swap’, to swap the number.  The ‘find_small_big’  will search through the numbers (initially from the top) to find  where in the list the smallest or largest number is and the ‘swap’ component will not only swap the numbers but also keep track of the index for next search to find the smallest or largest number.   There are other components needed complete the circuit such as ‘sort_loop’ to initially populate the list with the new six numbers, ‘sort_checker’ to verify whether or not  the numbers are sorted.  All the components are connected through the main sorter called number_sorter. 

3. Implementation

The sorter will take the following inputs and outputs:

Signal
Length (bit)
Type
Description

data[0:5]
3
IN
The six input data that will be sorted.

out[0:6]
3
OUT
The sorted output data.

clk
1
IN
System clock

dir_of_sort
1
IN
This will specify the sorting order.  A value of ‘1’ specifies ascending sorting order and a value of ‘0’ specifies descending sorting order.

reset
1
IN
If this is ‘1’,  the registers will be reset.

sort_checked
1
OUT
If the value is high (‘1’) and stays on, the data are sorted.

The sorter will consists of  ‘number_sorter’, ‘sort_loop’, ‘find_small_big’, ‘swap’, and ‘sort_checker’ components.  The following provides descriptions of each component and also displays the VHDL code for each component.

3.1   number_sorter component

This component is defined in ‘number_sorter.vhd’ file.  This is the main component that connects the other components.  The user interacts with this component.  The ‘out0’, ‘out1’, ‘out2’, ‘out3’, ‘out4’ and ‘out5’ will contain the sorted numbers.  If the ascending order is specified, ‘out0’ will contain the smallest number and ‘out5’ will contain the largest number.  Similarly, if descending order is specified,  ‘out0’ will contain the largest number and ‘out5’ will contain the smallest number.  If the numbers are sorted, the ‘sort_checked’ output will be 1 and will stay 1. The ‘VHDL’ code for this component is shown below:

library ieee;

use     ieee.std_logic_1164.all; 

use     ieee.std_logic_arith.all; 

use     ieee.std_logic_unsigned.all;

entity number_sorter is 

    port (

      clk       : in std_logic;

      reset     : in bit;

      dir_of_sort : in bit;

      data0     : in bit_vector (2 downto 0);

      data1     : in bit_vector (2 downto 0);

      data2     : in bit_vector (2 downto 0);

      data3     : in bit_vector (2 downto 0);

      data4     : in bit_vector (2 downto 0);

      data5     : in bit_vector (2 downto 0);

      out0      : inout bit_vector (2 downto 0);

      out1      : inout bit_vector (2 downto 0);

      out2      : inout bit_vector (2 downto 0);

      out3      : inout bit_vector (2 downto 0);

      out4      : inout bit_vector (2 downto 0);

      out5      : inout bit_vector (2 downto 0);

      sort_checked : out bit);

end;

architecture number_sort of number_sorter is

  signal temp0 : bit_vector(2 downto 0);

  signal temp1 : bit_vector(2 downto 0);

  signal temp2 : bit_vector(2 downto 0);

  signal temp3 : bit_vector(2 downto 0);

  signal temp4 : bit_vector(2 downto 0);

  signal temp5 : bit_vector(2 downto 0);

  signal start_m : bit_vector(2 downto 0);

  signal index_m : bit_vector(2 downto 0);

  signal initial_m : bit := '1';

  signal counter_m : bit_vector(2 downto 0);

  component swap

    port ( 

        clk         : in std_logic;  

        reset       : in bit;

        initial     : in bit;

        num0_in     : in bit_vector (2 downto 0); 

        num1_in     : in bit_vector (2 downto 0);

        num2_in     : in bit_vector (2 downto 0); 

        num3_in     : in bit_vector (2 downto 0);

        num4_in     : in bit_vector (2 downto 0); 

        num5_in     : in bit_vector (2 downto 0);

        sw_index    : in bit_vector(2 downto 0);

        sw_counter  : in bit_vector(2 downto 0);

        num0_out    : out bit_vector (2 downto 0); 

        num1_out    : out bit_vector (2 downto 0);

        num2_out    : out bit_vector (2 downto 0); 

        num3_out    : out bit_vector (2 downto 0);

        num4_out    : out bit_vector (2 downto 0); 

        num5_out    : out bit_vector (2 downto 0);

        sw_start    : inout bit_vector(2 downto 0));

  end component;

  component sort_loop

     port (

        reset           : in bit;

        newset          : in bit;

        data0           : in bit_vector (2 downto 0);

        data1           : in bit_vector (2 downto 0);

        data2           : in bit_vector (2 downto 0);

        data3           : in bit_vector (2 downto 0);

        data4           : in bit_vector (2 downto 0);

        data5           : in bit_vector (2 downto 0);

        data_old0       : in bit_vector (2 downto 0);

        data_old1       : in bit_vector (2 downto 0);

        data_old2       : in bit_vector (2 downto 0);

        data_old3       : in bit_vector (2 downto 0);

        data_old4       : in bit_vector (2 downto 0);

        data_old5       : in bit_vector (2 downto 0);

        data_out0       : out bit_vector (2 downto 0);

        data_out1       : out bit_vector (2 downto 0);

        data_out2       : out bit_vector (2 downto 0);

        data_out3       : out bit_vector (2 downto 0);

        data_out4       : out bit_vector (2 downto 0);

        data_out5       : out bit_vector (2 downto 0));

  end component;

  component find_small_big

     port ( 

        clk         : in std_logic; 

        dir_of_sort : in bit; 

        reset       : in bit;

        f_start     : in bit_vector(2 downto 0);

        n0_in       : in bit_vector (2 downto 0); 

        n1_in       : in bit_vector (2 downto 0);

        n2_in       : in bit_vector (2 downto 0); 

        n3_in       : in bit_vector (2 downto 0);

        n4_in       : in bit_vector (2 downto 0); 

        n5_in       : in bit_vector (2 downto 0);

        counter     : inout bit_vector(2 downto 0);

        indx_out    : out bit_vector (2 downto 0));

  end component;

component sort_checker

   port (

        clk          : in std_logic;

        dir_of_sort  : in bit; 

        reset        : in bit;

        initial      : in bit;

        sort0        : in bit_vector (2 downto 0); 

        sort1        : in bit_vector (2 downto 0);

        sort2        : in bit_vector (2 downto 0); 

        sort3        : in bit_vector (2 downto 0);

        sort4        : in bit_vector (2 downto 0); 

        sort5        : in bit_vector (2 downto 0);

        sort_checked : out bit);

  end component;  

begin  -- number_sort

 -- this would initially copy the data into temp

 srtloop: sort_loop

    port map (reset, initial_m, data0, data1, data2, data3, data4, data5,

              out0, out1, out2, out3, out4,out5,

              temp0, temp1, temp2, temp3, temp4, temp5);

 -- this verifies to see if the numbers are sorted 

 sorted_num_checker:sort_checker

    port map  (clk, dir_of_sort, reset,initial_m, out0,out1,out2,out3,out4,out5,

              sort_checked);

 -- finds the smallest or largest number and sets the index_m to the index that

 -- contains the number. If num5 contains the smallest or largest, then

 -- index_m would contain 5.

 small_big: find_small_big

   port map (clk, dir_of_sort, reset, start_m,

            temp0, temp1, temp2, temp3, temp4, temp5,

            counter_m, index_m);

 -- this would swap the smallest or biggest number with the current start

 -- index.

 swp: swap

   port map (clk, reset, initial_m, temp0, temp1, temp2, temp3, temp4, temp5,

             index_m, counter_m, out0, out1, out2, out3, out4, out5, start_m);

 -- indicates that copying to the temp is done.

 initial_m <= '0';

end number_sort;

3.2  find_small_big  component

This component is defined in ‘find_small_big.vhd’ file.  This component finds the index of the smallest or largest number.  It knows where to start the search from to find the smallest or largest number from one of its input parameters called ‘f_start’.  If this component finds that ‘num4’ contains the smallest or largest number, then this will output ‘100’ in the ‘indx_out’ parameter.  The ‘VHDL’ code for this component is provided below:

library ieee;

use     ieee.std_logic_1164.all; 

use     ieee.std_logic_arith.all; 

use     ieee.std_logic_unsigned.all; 

entity find_small_big is 

    port ( 

        clk         : in std_logic; 

        dir_of_sort : in bit; 

        reset       : in bit;

        f_start     : in bit_vector(2 downto 0);

        n0_in       : in bit_vector (2 downto 0); 

        n1_in       : in bit_vector (2 downto 0);

        n2_in       : in bit_vector (2 downto 0); 

        n3_in       : in bit_vector (2 downto 0);

        n4_in       : in bit_vector (2 downto 0); 

        n5_in       : in bit_vector (2 downto 0);

        counter     : inout bit_vector(2 downto 0);

        indx_out    : out bit_vector (2 downto 0));       

end;

architecture num_small_big of find_small_big is

begin

   process (reset, clk)

       variable num: bit_vector (2 downto 0);

       variable start, index, cnt : integer;

       variable indx, tmp : std_logic_vector(2 downto 0);

  begin

    tmp := to_stdlogicvector(f_start);

    start := conv_integer(unsigned(tmp));

    num := (others => '0');

    if reset = '1' then 

      index := 0;

      -- the flip-flops are sensitive to the rising edge of clk 

    elsif clk'event and clk='1' then

      indx_out <= "000";

      -- choose first number (as indicated by start) as the smallest

      -- or largest number 

      case start is

        when  0 => num := n0_in;

                   index := 0;

        when  1 => num := n1_in;

                   index := 1;

        when  2 => num := n2_in;

                   index := 2;

        when  3 => num := n3_in;

                   index := 3;

        when  4 => num := n4_in;

                   index := 4;

        when  5 => num := n5_in;

                   index := 5;

        when others => null;

      end case;

      case dir_of_sort  is

        --direction of sort ascending

        when '1' =>

          -- find the smallest number.  We don't start from num0

          -- all the time.  We start from the index pointed by

          -- 'start'.

          if ((n1_in < num) and (start = 0)) then

            num := n1_in;

            index := 1;

          end if;

          if ((n2_in < num) and ((start = 0) or (start = 1)) )  then 

            num := n2_in;

            index := 2;           

          end if;

          if ((n3_in < num) and ((start = 0) or (start = 1) or

              (start = 2))) then

            num := n3_in ;

            index := 3;

          end if;

          if  ((n4_in <  num) and ((start = 0) or (start = 1) or

               (start = 2) or (start = 3))) then

            num := n4_in;

            index := 4;

          end if;

          if ( (n5_in < num) and ((start = 0) or (start = 1) or

               (start = 2) or (start = 3) or (start = 4)))  then 

            num := n5_in;

            index := 5;  

          end if;

        --direction of sort is descending          

        when '0' =>    

          -- find the largest number.  We don't start from num0

          -- all the time.  We start from the index pointed by

          -- 'start'.

          if ((n1_in > num) and (start = 0)) then

            num := n1_in;

            index := 1;             

          end if;

          if ((n2_in > num) and ((start = 0) or (start = 1)) )  then 

            num := n2_in;

            index := 2;           

          end if;

          if ((n3_in > num) and ((start = 0) or (start = 1) or

              (start = 2))) then

            num := n3_in ;

            index := 3;

          end if;

          if  ((n4_in >  num) and ((start = 0) or (start = 1) or

               (start = 2) or (start = 3))) then

            num := n4_in;

            index := 4;

          end if;

          if ( (n5_in > num) and ((start = 0) or (start = 1) or

               (start = 2) or (start = 3) or (start = 4)))  then 

            num := n5_in;

            index := 5;  

          end if;

      end case;

      -- We need this counter to trigger swap action as indx_out

      -- sometimes may not change.

      tmp := to_stdlogicvector(counter);

      cnt := conv_integer(unsigned(tmp)) + 1;

      if (cnt = 7) then

        cnt := 0;

      end if;

      counter <= to_bitvector(conv_std_logic_vector(cnt, counter'length));

      end if;

      -- indx_out tells which num has the largest or smalles number.

      indx := conv_std_logic_vector(index, indx'length);

      indx_out <= to_bitvector(indx,'0') ;

  end process; 

end;

3.3   swap component

This component is defined in ‘swap.vhd’ file. The main functionality of the component is to swap the smallest or largest number with the correct number in the list to achieve the sorting order.  This component keeps track of the index where to start the next search for the smallest or largest number from and therefore, also knows which numbers to swap.  If the ‘sw_start’ parameter has a value of ‘2’ and the ‘sw_index’ parameter has value of  3 (indicating the ‘num3_in’ as the smallest or largest), then it will swap ‘num2_in’ and ‘num3_in’ in the ‘num2_out’ and ‘num3_out’. The ‘VHDL’ code for this component is shown below:

library ieee;

use     ieee.std_logic_1164.all; 

use     ieee.std_logic_arith.all; 

entity swap is 

    port ( 

        clk         : in std_logic;  

        reset       : in bit;

        initial    : in bit;

        num0_in    : in bit_vector (2 downto 0); 

        num1_in    : in bit_vector (2 downto 0);

        num2_in    : in bit_vector (2 downto 0); 

        num3_in    : in bit_vector (2 downto 0);

        num4_in    : in bit_vector (2 downto 0); 

        num5_in    : in bit_vector (2 downto 0);

        sw_index    :in bit_vector (2 downto 0);

        sw_counter    :in bit_vector (2 downto 0);

        num0_out    : out bit_vector (2 downto 0); 

        num1_out    : out bit_vector (2 downto 0);

        num2_out    : out bit_vector (2 downto 0); 

        num3_out    : out bit_vector (2 downto 0);

        num4_out    : out bit_vector (2 downto 0); 

        num5_out    : out bit_vector (2 downto 0);

        sw_start    :inout bit_vector(2 downto 0));

    end;

architecture swap_num of swap is

  -- this procedure will swap num1 and num2 and set swapped bit

  procedure swap_two(variable num1: inout bit_vector(2 downto 0);

                     variable num2: inout bit_vector(2 downto 0);

                     variable swapped: out bit) is

    variable temp : bit_vector(2 downto 0);

  begin

    temp := num1;

    num1 := num2;

    num2 := temp;

    swapped := '1';

  end swap_two;

begin

    -- only process reset, sw_index, sw_counter to work properly

    process (reset, sw_index, sw_counter)

      variable index, start : integer;

      variable start_logic: std_logic_vector(2 downto 0);

      variable swapped_num : bit;

      variable n0, n1, n2, n3, n4, n5 : bit_vector(2 downto 0);

    begin

      swapped_num := '0';

      n0 := num0_in;

      n1 := num1_in;

      n2 := num2_in;

      n3 := num3_in;

      n4 := num4_in;

      n5 := num5_in;

      start := conv_integer(unsigned(to_stdlogicvector(sw_start)));

      index := conv_integer(unsigned(to_stdlogicvector(sw_index)));

      if reset = '1' then

         num0_out <= (others =>'0');

         num1_out <= (others =>'0');

         num2_out <= (others =>'0');

         num3_out <= (others =>'0');

         num4_out <= (others =>'0');

         num5_out <= (others =>'0');

         sw_start <= "000";

      elsif (initial = '0') then

        -- the smallest or largest number is at index 0 (num0)

        if index = 0 then

          case start is

            when 0 =>    swapped_num := '1';

            when others => null;

          end case;

        end if;

        -- the smallest or largest number is at index 1 (num1)

        if index = 1 then

          case start is

            when 0 =>  swap_two(n0, n1, swapped_num);

            when 1 =>  swapped_num := '1';            

            when others => null;

          end case; 

        end if;  

      -- the smalles or largest number is at index 2 (num2)

      if index =2 then

        case start is

          when  0 =>   swap_two(n0, n2, swapped_num);

          when  1 =>   swap_two(n1, n2, swapped_num);

          when  2 =>   swapped_num := '1';

          when others => null;

        end case;

      end if;

       -- the smalles or largest number is at index 3 (num3)

      if index = 3 then

         case start is

           when 0 =>   swap_two(n0, n3,swapped_num);

           when 1 =>   swap_two(n1, n3, swapped_num);

           when 2 =>   swap_two(n2, n3, swapped_num);

           when 3 =>   swapped_num := '1';

           when others => null;

         end case;

      end if;

       -- the smalles or largest number is at index 4 (num4)

      if index = 4 then

        case start is

          when 0 =>    swap_two(n0, n4, swapped_num);

          when 1 =>    swap_two(n1, n4, swapped_num);

          when 2 =>    swap_two(n2, n4, swapped_num);

          when 3 =>    swap_two(n3, n4, swapped_num);

          when 4 =>    swapped_num := '1';

          when others => null;

        end case;

      end if;

       -- the smalles or largest number is at index 5 (num5)

      if index = 5 then

        case start is

          when 0 =>    swap_two(n0, n5, swapped_num);

          when 1 =>    swap_two(n1, n5, swapped_num);

          when 2 =>    swap_two(n2, n5, swapped_num);

          when 3 =>    swap_two(n3, n5, swapped_num);

          when 4 =>    swap_two(n4, n5, swapped_num);

          when 5 =>    swapped_num := '1';

          when others => null;

        end case;

      end if;

      -- swapped_num bit is set, we actually swapped.

      if (swapped_num = '1') then

        num0_out <= n0;

        num1_out <= n1;

        num2_out <= n2;

        num3_out <= n3;

        num4_out <= n4;

        num5_out <= n5;

        -- increment the start counter.  Now the search for the

        -- smallest or largest number needs to start from the next

        -- index

        start := start + 1;

        if (start = 5)  then

          start := 0;

        end if;

        -- convert start and store in sw_start

        start_logic := conv_std_logic_vector(start, start_logic'length);

        sw_start <= to_bitvector(start_logic,'0');

      end if;

    end if;                    

   end process; 

end;

3.4   sort_checker component:

This component is defined in ‘sort_checker.vhd’ file. This component verifies that the numbers sorted depending on the sorting order -- ascending or descending order.  This component will output ‘1’ if  all the numbers are sorted according to the sorting order specified by the ‘dir_of_sort’ parameter.  The VHDL code for this component is shown below:

library ieee;

use     ieee.std_logic_1164.all; 

use     ieee.std_logic_arith.all; 

use     ieee.std_logic_unsigned.all; 

entity sort_checker is

   port (

        clk          : in std_logic;

        dir_of_sort  : in bit; 

        reset        : in bit;

        initial       : in bit;

        sort0        : in bit_vector (2 downto 0); 

        sort1        : in bit_vector (2 downto 0);

        sort2        : in bit_vector (2 downto 0); 

        sort3        : in bit_vector (2 downto 0);

        sort4        : in bit_vector (2 downto 0); 

        sort5        : in bit_vector (2 downto 0);

        sort_checked : out bit);

end sort_checker;

architecture sorted_number_checker of sort_checker is

begin  -- sorted_number_checker

    process (clk, reset)

    begin 

       if reset = '1' then

        sort_checked <= '0';

      elsif clk'event and clk = '1' and initial = '0'then

        sort_checked <= '0';

        case dir_of_sort is

            when '1' =>  ---- ascending order

              if (sort0 <= sort1) and (sort1 <= sort2) and

                 (sort2 <= sort3) and (sort3 <= sort4) and

                 (sort4 <= sort5) then

                sort_checked <= '1';

              end if;

             when '0' =>  -----descending order

              if(sort0 >= sort1) and (sort1 >= sort2) and

                (sort2 >= sort3) and (sort3 >= sort4) and

                (sort4 >= sort5) then

                sort_checked <= '1';

              end if;     

          end case;

        end if;       

      end process;

end;

3.5   sort_loop component:

This component is defined in ‘sort_loop.vhd’ file.  This component will the fill in the output data with the new data initially and then fill in the output with revised data (old data).  The VHDL code for this component is shown below:

library ieee;

use     ieee.std_logic_1164.all; 

use     ieee.std_logic_arith.all; 

use     ieee.std_logic_unsigned.all;

entity sort_loop is 

    port (

        reset           : in bit;

        newset          : in bit;

        data0           : in bit_vector (2 downto 0);

        data1           : in bit_vector (2 downto 0);

        data2           : in bit_vector (2 downto 0);

        data3           : in bit_vector (2 downto 0);

        data4           : in bit_vector (2 downto 0);

        data5           : in bit_vector (2 downto 0);

        data_old0       : in bit_vector (2 downto 0);

        data_old1       : in bit_vector (2 downto 0);

        data_old2       : in bit_vector (2 downto 0);

        data_old3       : in bit_vector (2 downto 0);

        data_old4       : in bit_vector (2 downto 0);

        data_old5       : in bit_vector (2 downto 0);

        data_out0       : out bit_vector (2 downto 0);

        data_out1       : out bit_vector (2 downto 0);

        data_out2       : out bit_vector (2 downto 0);

        data_out3       : out bit_vector (2 downto 0);

        data_out4       : out bit_vector (2 downto 0);

        data_out5       : out bit_vector (2 downto 0));

end sort_loop;

architecture sortloop of sort_loop is

begin 

  process(reset,data0, data1, data2, data3, data4, data5,

          data_old0, data_old1, data_old3, data_old4, data_old5)

    begin

      if reset = '1'  then

         data_out0 <= (others => '0');

         data_out1 <= (others => '0');

         data_out2 <= (others => '0');

         data_out3 <= (others => '0');

         data_out4 <= (others => '0');

         data_out5 <= (others => '0');

       else

         -- put the initial data into the outputs

         if (newset = '1') then

           data_out0 <= data0;

           data_out1 <= data1;

           data_out2 <= data2;

           data_out3 <= data3;

           data_out4 <= data4;

           data_out5 <= data5;

         else

           -- put the old data into the outputs

           data_out0 <= data_old0;

           data_out1 <= data_old1;

           data_out2 <= data_old2;

           data_out3 <= data_old3;

           data_out4 <= data_old4;

           data_out5 <= data_old5;

         end if;

      end if;

    end process;

end;

4.0 Simulation

The functionality of the sorter is tested using six different ‘do’ test files.  The test files and their outputs are shown below:


4.1 test.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 1 

force data0 "111"

force data1 "101"

force data2 "110"

force data3 "111"

force data4 "100"

force data5 "011"

run 1000


     View Waveform

4.2 test1.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 0 

force data0 "111"

force data1 "101"

force data2 "110"

force data3 "111"

force data4 "100"

force data5 "011"

run 1000

View Waveform

4.3 test2.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 1 

force data0 "100"

force data1 "101"

force data2 "111"

force data3 "001"

force data4 "110"

force data5 "011"

run 1000

View Waveform

4.4 test3.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 0 

force data0 "100"

force data1 "101"

force data2 "111"

force data3 "001"

force data4 "110"

force data5 "011"

run 1000

View Waveform

4.5 test4.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 1 

force data0 "110"

force data1 "101"

force data2 "000"

force data3 "001"

force data4 "111"

force data5 "011"

run 1000

View Waveform

4.6 test5.do file

force clk 0 50, 1 100 -repeat 100

force dir_of_sort 0 

force data0 "110"

force data1 "101"

force data2 "000"

force data3 "001"

force data4 "111"

force data5 "011"

run 1000

View Waveform
Reference:

The idea for this homework is obtained from Yvonne Yang’s homework #1, Spring 1998.

Initial list	pass 1		pass 2		pass 3		pass 4   





690		    32		    32		    32		    32





307		  307		  155		  144		  144





  32		  690		  690		  307		  307





155		  155		  307		  690		   426





426		  426		  426		  426		   690	   
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reg 5





Find smallest or largest and


swap
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reg 5





Find smallest or largest and
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